We compared the nodulation competitiveness of three strains of Rhizobium leguminosarum by counting the number of nodules formed on faba bean plants after the application at sowing time of different concentrations of the strains to soils already containing Rhizobium strains of the same species. A relationship of type y = axn was found to exist between the ratio of the nodules formed by the applied inoculum strain to the nodules formed by the soil strains and the ratio of Rhizobium cells in the inoculum to the cells in the soil. This relationship was also confirmed in another competition experiment in which two R. meliloti strains of identical competitiveness were mixed in various proportions. The relationship can also be applied to the majority of results reported in the literature. Should it prove to be more widely applicable, it could be used to estimate the relative competitiveness of Rhizobium strains and thus predict the performance of an inoculum in a given soil.
When several Rhizobium strains occur in the presence of the leguminous plant to which they are specific, certain strains form nodules in preference to others (14, 15, 17) . Rhizobium strains differ from one another in ability to be selected by the plant host (nodulation competitiveness). The number of nodules formed by each strain present depends not only on the nodulation competitiveness of the various strains but also on their numbers. To predict the performance of one strain in relation to the performance of another, one must know the quantitative relationship between the proportion of the strain in the inoculum and the proportion of nodules formed.
When the relative proportion of a strain in a mixture is increased, the number of nodules formed by this strain also increases, but not in a directly proportional way (5). Ireland and Vincent (9) found that in a soil containing ineffective Rhizobium trifolii, the logarithm of the percentage of plants nodulated by effective strains is a direct function of the logarithm of the number of effective rhizobia applied on the seed and the logarithm of the number of rhizobia in the soil. In a study of soybean plants, Weaver and Frederick (19, 20) showed that the percentage of nodules formed by a strain applied at sowing time to a soil containing R. japonicum varies proportionally with the logarithm of the number of bacteria in the inoculum. An identical relationship has been found for faba bean plants (1) . In both studies, the slopes of the regression lines were steepest for the most competitive strains.
The aim of this work was to see if this relationship is generally applicable and whether the slope of the lines obtained is a true indication of strain competitiveness. Two different systems were used: first, a system similar to those cited above, in which we compared the numbers of nodules produced in faba bean plants by various amounts of different strains added to soils containing Rhizobium strains of the same species, and second, a more precisely defined system in which various proportions of two R. meliloti strains were applied to lucerne tube cultures under controlled conditions. After 18 days, the nodules on each plant were counted and marked, and the effectiveness of these nodules was determined visually after a further 10 days.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
The percentage of nodules formed on faba bean plants by each Rhizobium strain inoculated at four concentrations in four soils is given in Table 1 . Variance analysis of the data subjected to arc sinus square root transformation revealed significant (P < 0.01) effects of strain, concentration, and soil. Effects of replicates and interactions were not significant (P < 0.05). Thus, each of the three strains had a different competitiveness. Although the number of bacteria applied was not absolutely identical, it was still possible to compare the strains. Strain FH2OS1 was the most competitive: it formed the most nodules at each concentration and in each soil. Strain FSS1 was the next most competitive, and strain FS163S was the least.
The behavior of the soil strains differed considerably from one another. CB Rhizobium soil strains formed many more nodules than did H soil strains, although both soils contained approximately equal numbers of bacteria. CN and P soils also contained approximately equal numbers of bacteria but contained less than did the other two soils. CN and P soil strains produced similar numbers of nodules and produced more nodules than did soil H strains, despite the fact that the soil H strains occurred in greater numbers. The differences in soil strain behavior therefore cannot be explained by differences in number alone. Either strain competitiveness varied from one soil to another or the nature of the soil influenced the implantation of new strains.
In all cases, as the number of bacteria in the inoculum is increased, the number of nodules formed by the inoculum strain increases. In 9 of the 12 cases studied, the linear regression of the number of nodules formed by the added strain expressed as a function of the logarithm of the number of inoculum bacteria was significant (P < 0.05; Fig. 1 ). The slope of each line varied with the combination but was not an indication of strain competitiveness, as was thought in previous studies (1, 19) . Thus, the lowest coefficient, which should indicate poor acceptance of the added strain, was obtained with strain FH2OS1 in soil P, although this strain in fact formed 90% of the nodules. The possibility of expressing the results in another way so as to bring out differences in strain competitiveness was therefore investigated.
Marques Pinto et al. (12) found that a linear relationship, with a slope approximating 1 for Medicago truncatula and lower than 1 for M. sativa, exists between the logarithms of the ratio of the number of bacteria of each strain present on the root surface and the ratio of each strain in the inoculum. The number of nodules formed by each strain was linked by a similar function to the number of bacteria present on the root surface.
A linear relationship must therefore exist between the logarithm of the ratio of nodules formed by the added strain to the nodules formed by the soil strains (NA:NB) and the logarithm of the ratio of the number of bacteria in the inoculum to the number in the soil (IA:IB): log NA:NB = log CAB + k log IA:IB.
In 8 of the 12 cases studied, the regression between log NA:NB and log IA:IB was significant at the 0.05 level ( Table 2 These CAB values might therefore be indicative of the interrelationship in competitiveness existing between the various strains present. If this is so, then for strains of equal competitiveness, for which CAB = 1, the line should pass through the origin, and when the number of strain A cells in the inoculum is equal to the number of strain B cells, then the number of nodules formed by strain A should be equal to the number of nodules formed by strain B.
Our intention was to verify this by inoculating lucernes with various proportions of two strains (2011S2 and 2011N1) exhibiting equal competitiveness but different effectiveness and then determining the origin of each resulting nodule.
The linear regression relating the logarithm of the ratio of nodules formed by strains 2011S2 and 2011N1 and the ratio of the amount of these two strains in the inoculum was significant (P < 0.01) and could be considered to pass through the origin (Fig. 2) . The regression coefficient (k = 0.471) was not very different from that found for the faba bean plant experiment.
It seems, therefore, that CAB represented the competitiveness of strain A in relation to that of strain B. Its value would be equal to the ratio of the number of nodules formed by strain A to the number of nodules formed by strain B when the two strains are present in the inoculum in equal quantities.
To see if this relationship was applicable on a wider scale, we applied it to results from experiments of the same type that were reported When these results are taken as a whole, the relationship seems to be more or less generally applicable, so that: NA:NB = CAB (IA:IB)k.
Graphic representations of the proportion of nodules formed by a strain (NA:NA + NB) as a function of log IAJIB are given for various values of CAB when k = 0.4 (Fig. 3A) and for various values of k when C = 1 (Fig. 3B ).
The data obtained in the faba bean plant and lucerne experiments, fitted to a theoretical curve in which k = 0.4, are presented in Fig. 4 way that the amount of a substance that is adsorbed varies as a function of its concentration in a solution. By taking the analogy still further, it can be supposed that the root consists of a certain number of adsorption sites and that for each Rhizobium strain, there is a different isotherm corresponding to the affinity of the strain for such sites of adsorption. The differences observed in strain competitiveness would thus represent a selectivity in strain adsorption by the root. This hypothesis agrees with the microscopic observations made by Dazzo et al. 
